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Abstract 
“The Basic Law on Shokuiku (Food Education)” (Shokuiku Kihon Hou) was enacted in 2005 in Japan. First, we examined the 
relationship of Na/K ratio in the first morning spot urine (SU) with the ratio of 24-hour urine (24U) samples from 54 elementary 
school children, and confirmed Na/K ratios in the SU and the 24-U samples were correlated significantly. Next, we conducted 6 
times the variety of Food Education Program (FEP), to encourage 34 boys and girls aged 7 to 12 to eat more Japanese traditional 
food items such as soy, sesame, seaweed, vegetable, fish, mushroom and potato, daily. And we checked the change of sodium 
(Na) /  potassium (K) of SU samples collected 3 times before,  after  and in the midst  of FEP to investigate the effect  of FEP on 
Na/K of morning SU in elementary school children. The Na/K was decreased significantly in the 2nd and the 3rd SU from the 
baseline level. We confirmed the FEP’s effect on the children’s dietary behaviour not only from the questionnaire but also from 
the significant changes in Na/K of SU. In conclusions, the FEP collecting SU samples to check Na/K is expected to be a good 
method to estimate the effect of FEP on dietary behaviour. 
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1. Introduction 
Since ‘The Base Low on Shokuiku (Food Education) (Shokuiku Kihon Hou) (Adachi M. 2008) was enacted in 
Japan in 2005, food education (FE) has been promoted nation-widely by schools, various groups and volunteers and 
FE appears to be contributing somewhat to the improvement of dietary custom in Japan (Yoshida T, et al. 2008, 
Nakamura T. 2008). Teachers for FE were newly appointed at elementary schools by the Ministry of Education, 
Culture, Sports, Science & Technology (2004). The guide line for nursery schools included additionally FE for 
training  the  ability  to  control  diets  by  the  Ministry  of  Education,  Culture,  Sports,  Science  & Technology in  2009.  
The final purpose of FE should be the promotion of health greatly depending on food intake. Therefore, if any 
objective estimation for what children are eating is available, the efficacy of FE and behavioural changes in dietary 
intake could be evaluated for the promotion of better FE. So far we applied the 24-hour urine (24U) collection for 
the estimation of various biomarkers of dietary intakes that were utilized world-widely for the analyses on the 
association of dietary intake with cardiovascular risks in WHO-coordinated Cardiovascular Diseases and Alimentary 
Comparison (CARDIAC) Study proposed by Yamori (Yamori Y, et al. 1984, Yamori Y. 1989 Yamori Y. et al, 
2006).
Table 1. Japanese food recommended to eat daily by Food Education Program as “MA-GO-WA-YA-SA-SHI-I”
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Ma Go Wa Ya Sa Shi I
Japanese 
name of 
food  
Mame Goma Wakame Yasai Sakana Shiitake Imo
Meaning in 
English 
Soy bean          
products 
Sesame Seaweeds Vegetables 
Fishery 
products 
Japanese 
mushrooms 
Potatoes 
Practical 
food 
examples 
Soy bean,     
Bean curd,  
Soybean flour, 
Natto,  etc. 
Nuts or 
Seeds, 
etc. 
Laver,  
Mozuku, 
Brown alga,  
etc. 
Fish, 
Octopus, 
Cuttlefish, 
Lobster, etc. 
Enokidake 
mushroom, 
Shimeji 
mushroom 
Potato,      
Sweet potato, 
Taro potato 
etc. 
͆Ma࣭Go࣭Wa࣭Ya࣭Sa࣭Shi࣭I͇means  ͆ Grandchildren are kind hearted͇ in Japanese 
This international cooperative study demonstrated salt intake estimated from 24U sodium  (Na) excretion and 
Na/potassium (K) ratio in 24U were good biomarkers for the nutrition closely associated with cardiovascular risks, 
such as the mortality rates of stroke (Excerpts from the WHO CARDIAC Study Protocol. 1990, Yamori Y. 1989, 
Yamori Y, et al. 2001, Yamori Y. et al, 2006), and K excretion in 24U was proven to be a biomarker for the intake 
of vegetables and fruits (Smith-Warner SA, et al.2000, Sorof JM, et al. 1997). Moreover, 24U taurine and 
isoflavones were also proven to be good biomarkers for dietary intakes of seafood and soy bean products, 
respectively (Moriguchi EH, et al. 2004, M Mori, et al. 2004). Therefore, 24U collection could be regarded as a 
reliable method for the estimation of the association between diets and cardiovascular risks. The target populations 
were middle-aged males and females aged from 48 to 56, and 24U samples were collected from these adult 
populations (Yamori Y, et al. 1982). We thought these 24U samples, if collected successfully from children, would 
be useful for FE to estimate children’s dietary intakes, and carried out in our preceding study (Mori M, et al. 2009)
24U collection from 177 school children of 3 elementary schools in Awaji Island, in the Inland Sea, Japan before 
and after the FE, which emphasised; 1) to eat various traditional food items once a day expressed as MA-GO-WA-
YA-SA-SHI-I meaning “gland children are kind hearted” in Japanese and indicating MA (Mame=soy), GO 
(Goma=sesame), WA (Wakame=popular sea weed), YA (Yasai=Vegetables), SA (Sakana=Fish), SHI 
(Siitake=popular dietary fungi), and I (Imo=Potatoes), respectively (Table 1), 2) to take well balanced food 
containing nutrients grouped into 3 by colors; red (protein), yellow (carbohydrate and fat) and green (vitamins and 
minerals), and 3) to enjoy the natural taste of food with optional consumption of salt. The result of this FE showed 
24U-estimated salt intake and 24U Na/K were significantly lower in the educated group compared with the control 
group, and 24U isoflavones and taurine were significantly higher or tended to be high in the former group than in 
the latter. This study confirmed the effect of FE by 24U data for the first time (Fig. 1).  
Figure 1: Comparison of 24-hour urine biomarkers in our preceding food education study in 2002 
Participants of 83 male and female elementary school children aged 10 to 12 consisted of 41in food education program class (Ƒ) and 42 in the 
control class without food education program (Ŷ).: Food education in this study was the repeated lesson on the importance of Japanese food items 
abbreviated as “MA-GO-WA-YA-SA-SHI-I” (Table 1) at school lunch time every day.   Mean ± standard error, *:p<0.05, **:p<0.01. 
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2. The Purpose of the Present Studies 
These backgrounds led us to the new FE based on biomarkers on 24U checked before and after FE for the 
objective estimation of the efficacy of FE affecting dietary custom. Since the major target of FE is children and 
repetitive 24U collections is not an easy task. As more simplified urine collections instead of 24U collection, night 
urine collection and the 2nd morning urine collection were so far proposed for adults (Kawasaki T, et al. 1982,  
Kawasaki T, et al. 1993, Tanaka T, et al. 2002) but these methods are also not so easily applicable for children. 
Since spot urine (SU) collection is presently utilized for regular check of bacteria at nursery and elementary schools 
in Japan, we firstly tested the validity of SU collected from the first morning urine to be utilized alternatives for 24U 
and secondly tested whether or not the results of SU samples could be used for the efficacy estimation of FE.   
3. Study Designs 
3.1 Relationships between Morning Spot Urine (SU) and 24-hour Urine (24U) Samples .  
Elementary school children aged 11.3±0.8, 54 in total, were invited to an explanation meeting after school at a 
school on Awaji Island Japan. After oral explanation of 24U and morning SU collections to the children and their 
parents, informed consent was signed and equipments for 24U and morning SU collection, which were urine boxes 
and SU container, were given to the volunteer participants. They were asked to discard the first morning urine and 
start to collect all urine of the day and the first morning urine of the next day in the urine boxes. The last morning 
urine  was  voided  into  a  cup  from  which  morning  SU  was  sampled  into  a  small  SU  container.  The  rest  of  the  
morning urine was sampled into a urine box, and both urine box and SU container were asked to bring to their 
school. The total urine in the urine box and SU container was weighted to calculate the total amount of 24U, and 
portions from both 24U and SU samples were sampled into 5 test tubes (2ml) and were submitted to a well-
standardized analytical institute (SRL Co, Ltd. Tokyo, Japan) for the analyses of Na (mEq/L), K (mEq/L), creatinine 
(mg/dl) and molecular ratios of Na/K were calculated. Regression analysis was applied for the relationship of Na/K 
between 24U and morning SU. For confirming the reliability of 24U collection, volunteers were asked to record the 
time of urination and urinary volume was each time on the charts given to them. Additionally, when 24U volume is 
too small, creatinine was calculated from the participant’s body weight to check the validity of 24U collection.    
All data were expressed as the mean ± standard deviation. Correlation between 24U and SU Na/K ratio was 
tested by regression analysis and for statistical analysis SPSS ver.18.0 was used. P less than 5% was regarded 
significant. 
Table 2. Schedule and contents of the Food Education Program
Step Date Theme  and Contents Material and Method 
1
17th, Sep. 
2004
Understanding nutrients by dividing food 
into 3 groups differently colored; red 
(protein), yellow (carbohydrates and lipid) 
and green (vitamins and minerals). 
“Apron theater” for understanding food 
function and “Food cards” for understanding 
contained nutrients. 
2
24th,Sep. 
2004
Understanding the function of 
carbohydrates and lipid in the body. 
Training to cook rice and understanding of the 
quantity of the sweeteners of drinks, and their 
energy contents. 
3
8th,Oct. 
2004
Understanding the function of protein in the 
body. 
Try to make Tofu from soy bean. 
Knowledge of soy bean and soy products. 
4
22th,Oct. 
2004
Uunderstanding the function of vitamins 
and minerals in the body. 
Fields visit and experience of harvest of 
vegetables. 
Try to cook harvested vegetables. 
5
12nd,Nov. 
2004
Planning on the Christmas recipe of good 
nutrition for their parents. 
Making the nutritionally well balanced recipe 
from 3 colored groups of food 
6
20th,Nov. 
2004
Cooking training of the Christmas dinner 
and party. 
Try to cook diets of nutritionally balanced 
recipe for enjoying food for Christmas party 
with parents. 
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Table 3. Participants for Food Educational Program 
Grade First Second Third Forth Fifth Sixth Total 
Boys (n) 2 2 0 1 3 3 11 
Girls (n) 8 3 3 2 5 2 23 
Total 10 5 3 3 8 5 34 
3.2    Effect of Food Education and Its Assessment by Spot Urine (SU) Samples. 
FE for children was arranged in this study by COOP KOBE (Cooperative Association in KOBE City, Hyogo 
Prefecture), which was well known as a pioneer organization for consumer movements in Japan. After a long 
preparation with the leaders of COOP for FE program (FEP) a series of 6 classes for FEP (Table 2) was organized 
by emphasizing the catch phrase of “MA-GO-WA-YA-SA-SHI-I”, 3 groups of nutrients in Japanese food and 
optimal salt intake, as already mentioned in the Background of this article. FE for children should be FE for their 
parents, so that the teaching materials and information given at the classes were also handed out for the parents with 
detailed explanation of the purpose of each class and home works were done by children together with their parents.
As for urine collection important for the evaluation of FE, detailed information was given before the classes to 
children and their parents, and folded urine cup and SU container (Fig.2) was sent to the participants after informed 
consents were obtained. The SU collection was similar to that for checking bacteria; the first morning urine voided 
into  the  cup  was  sampled  into  a  SU  container  up  to  the  level  roughly  corresponding  to  10  ml.  SU  samples  were  
collected  3  times  in  total;  the  first  before  the  beginning of  FEP in  September,  the  2nd after  the  4th class  of  FEP in  
October and the 3rd at the end of the 6 times series of FEP, in November. The detailed explanation of FEP and urine 
collection was repeated at the first FE class. Questionnaires will asked to fill up twice before and after the FEP to 
analyze changes in the food custom, life style, altitude toward daily food intake and behavior related to food intake, 
if any. This study design was approved by the Ethics Committee of Institute for Health Restoration.  
Participants, 34 in total, were elementary school children aged 6-12 (Table 3), recruited by public announcement 
through COOP. They were selected after the informed consents from the participants and their parents were 
obtained following the detailed explanation of the purpose and method of FE and of the procedure for SU collection 
(Fig.2). SU samples were brought to the FE class, and kept cool in a cold box, and then each urine was sampled into 
5  test  tubes  (2  ml)  at  our  laboratory  for  shipping  to  SRL  on  the  same  day  for  the  measurement  of  Na,  K  and  
creatinine. The molar ratios of Na/K were calculated from the data retuned from SRL. 
All data were expressed as the mean ± standard deviation. Differences in Na/K ratios from the base line of the 
2nd and 3rd samples during the course of FEP were tested by paired t-test was applied to Na/K ratio before and after 
FEP, and for statistical analysis SPSS ver.18.0 was used. P less than 5% was regarded significant. 
Figure 2. Folded paper cup for receiving voided urine (left) and spot urine container (right) 
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Figure 3. Correlation of 24-hour urine sodium / potassium ratios with morning spot urine sodium / potassium ratios 
y= 0.3x㸩1.93, r2 =0.21, p<0.001 
4. Results  
4.1.    Relationships between morning SU and 24U samples   
All 54 participants were proven to have collected 24U samples without any mistakes by their data of creatinine. 
As shown in Fig.3, significant association was noted in Na/K between SU (x) and 24U (y) data: y=0.3x + 1.93,
p<0.001, r2<0.21, indicating 24U Na/K could be estimated from SU Na/K. As for molar ratio of urinary Na/K SU 
data can be used instead of 24U data for the estimation of the effect of FE. 
4.2.   Effect of FE and Its Assessment by morning SU samples.   
All 34 participants collected SU samples 3 times, before, after and in the middle in Fig4, the mean of Na/K 
gradually decreased from the initial level (4.8 ± 2.0) before FEP to the midst of FEP (4.2 ± 1.9) and further down to 
the end of FEP ( 3.8 ± 2.1 ). Statistical significances were observed in the difference between before and middle, and 
also in the difference before and after (p<0.01). The answers from participants in response to questionnaires were 
summarized in Fig.5. In addition, the influence of FEP was also noted in voluntary answers such as “became to eat 
fruit”, “came to eat Japanese vegetable-containing pancakes with a half amount of sauce”, “came to eat homemade 
French fried without salt”, etc. 
Figure 4. Change in sodium / potassium ratios during Food Education Program (FEP).  
Meansstandard error. *: p<0.05 
Mari Mori et al. / Procedia Social and Behavioral Sciences 15 (2011) 3784–3791 3789
Figure 5. Subjective responses to Food education program (FEP) obtained by multiple answers system from participants. 
5. Discussion  
The first part of the present study confirmed Na/K ratios of morning SU was significantly associated with the 
ratios  of  24U  in  school  children  and  indicated  the  applicability  of  morning  SU  to  the  assessment  of  the  FEP  for  
children. So far for adults some simplified methods such as the collection of the 2nd morning urine were proposed 
(Kawasaki T, et al. 1982, Kawasaki T, et al. 1993, Tanaka T, et al. 2002) but morning SU sampling is much easier 
for children. Preceding studies showed significant positive associations of Na, K and Na/K in 24U with age and 
BMI  in  children  (De  Santo  NG,  et  al.  1987, Moriyama  M,  et  al.  1988). Although age and BMI should be 
considered about the 24U data of children, the influence of age and BMI may be negligible in short term FEP’s. And 
repetitive collection of morning SU from the same participants should be useful for the estimation of the effect of 
FEP in individuals and also in the group. Although urinary biomarkers are variable day by day in individuals, the 
changes of the average are considered to correspond well to the changes in the diets (Shortt C, et al. 1988). 
The effect of FE is usually assessed by questionnaire and also by food frequency questionnaire (FFQ) 
(Chiplonkar SA, et al.  2002, Ma J, et al.  2003, Dodd KW, et al.  2006), but the applicability of the present FFQ to 
children needs to be confirmed, so that we utilized morning SU sample to observe the effect of FEP for children and 
confirmed  the  Na/K  data  of  morning  SU  was  significantly  influenced  by  the  FEP.  This  study  first  demonstrated  
simple morning SU collection could be used for the evaluation of FEP for children and will be applied more easily 
to the objective assessment of FEP than the data collection of subjective answers to questionnaires commonly used 
up to the present.  
This study, however, has some limitation. The data obtained from 24U and SU could be useful for the evaluation 
of food custom of the population (Shortt C, et al. 1988). When these methods are applied to the evaluation of 
individual nutrition intake such as Na, K and Na/K ratios, the dietary intake of the sampling day or the previous days 
usually  affects  the  data.  For  example,  if  one  takes  festival  food or  take  nothing to  eat  at  all,  Na,  K or  Na/K ratio  
should be greatly changed. Therefore, in our study, before starting FEP to be assessed by 24U or SU, participants 
should be instructed to continue to eat usual daily diets, Since urinary biomarkers are variable daily (Liu K, et al. 
1979) repetitive sampling is needed also for the estimation of individual effects of FEP but, they may be more useful 
for the estimation of the group effect of FEP by comparing the data before and after FEP. In addition, our present 
study indicated significant changes in Na/K of morning SU during the period of FEP but we could not analyze what 
real dietary changes affected their Na/K in SU.  
The present FEP simply emphasized traditional Japanese Food items (MA-GO-WA-YA-SA-SHI-I), nutritionally 
well balance among 3 categories of food colored differently (Nutrient balance) and the importance of natural taste of 
food  with  lees  salt,  and  such  a  simple  FEP  was  proven  to  be  useful  for  increasing  vegetable  intake  rich  in  K,  
decreasing salt intake and thus to reduce effectively Na/K ratios in morning SU. 
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6. Conclusion 
Among various urinary biomarkers for dietary intakes Na/K ratios in morning SU were significantly positively 
associated with 24U Na/K ratios, which are well known to be related with cardiovascular risks. Na/K ratios in 
morning SU were decreased significantly during 2 months of our FEP, indicating Na/K in morning SU could be 
useful for the assessment of FEP for children.  
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